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ABSTRACT
L. WITTEBOLLE, N . BOON, B. VANPARYS, K . HEYLEN, P. DE VOS AND W. VERSTRAETE. 2005.
Aims: To investigate whether two different wastewater treatment plants (WWTPs) – treating the same
pharmaceutical influent – select for a different bacterial and/or ammonia oxidizing bacterial (AOB) community.
Methods and Results: Molecular fingerprinting demonstrated that each WWTP had its own total bacterial and
AOB community structure, but Nitrosomonas eutropha and N. europea were dominant in both WWTP A and B.
The DNA and RNA analysis of the AOB communities revealed different patterns; so the most abundant species
may not necessarily be the most active ones. Nitritation failures, monitored by chemical parameter analysis, were
reflected as AOB community shifts and visualized by denaturing gradient gel electrophoresis (DGGE)-based
moving window analysis.
Conclusions: This research demonstrated the link between functional performance (nitritation parameters) and
the presence and activity of a specific microbial ecology (AOB). Clustering and moving window analysis based on
DGGE showed to be valuable to monitor community shifts in both WWTPs.
Significance and Impact of the Study: This study of specific community shifts together with functional
parameter analysis has potential as a tool for relating functional instability (such as operational failures) to specific-
bacterial community shifts.
Keywords: ammonia oxidizing bacteria, clustering, denaturing gradient gel electrophoresis, moving window
analysis, nitritation, nucleotide sequence, residual NH4
+–N.
INTRODUCTION
In wastewater treatment plants (WWTPs), incoming ammo-
nium is converted to nitrite (nitritation) by a defined
subgroup of bacteria, i.e. the ammonia-oxidizing bacteria
(AOB). This nitrite can consequently be oxidized to nitrate
by the nitrite-oxidizing bacteria (NOB) (nitratation). The
successive combination of both reactions is called nitrifica-
tion (Focht and Verstraete 1977). Malfunctioning of nitri-
fication can cause serious ecological risks (eutrophication
and foam formation) and related health problems (fish death,
toxic nitrite and/or nitrate in drinking water and methae-
moglobinaemia) (Vedel et al. 1998; Huertas et al. 2002;
Philips et al. 2002; Jensen 2003; Das et al. 2004).
The community composition of the functional bacterial
groups active in WWTPs can be assessed by denaturing-
gradient gel electrophoresis (DGGE) analysis of 16S rRNA
(Wagner et al. 1993; Blackall et al. 1998; Liu et al. 1998).
DGGE is a molecular technique that allows the separation of
DNA fragments of the same length (up to 500 bp) (Myers
et al. 1985), but with different base-pair sequences. It was
introduced into environmental microbiology to determine
the genetic diversity of complex microbial populations
(Muyzer et al. 1993). Ever since, it has been shown to be
useful for studying the bacterial communities in a variety of
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environmental samples, e.g. soil (Seghers et al. 2003), plants
(Seghers et al. 2004), water (Teske et al. 1996) and activated
sludge (Boon et al. 2000). This molecular technique is also
useful for studying population dynamics and stress
responses (Amann et al. 1998; Head et al. 1998; Torsvik
et al. 1998; Ogram 2000). Hence, DGGE analysis can be
regarded as an elegant tool to investigate microbial popu-
lations or bacterial subpopulations when using group specific
primers for the PCR reaction preceding the DGGE
profiling. Possible shifts in these communities can further
be analysed by clustering and moving window analysis
(Possemiers et al. 2004). The 16S rRNA gene pool diversity
is typically the basis for analysis of the microbial commu-
nity. The sample concentration of DNA is not directly
linked with cell activity, because DNA is relatively stable. As
a result, DNA-based fingerprints reveal the community
structure of the most abundant bacteria, however, without
differentiating on basis of their activity. On the contrary,
with rRNA-based fingerprints the most active microorgan-
isms can be studied, because nonactive cells will have limited
rRNA amounts to be transcribed into cDNA (Amann et al.
1995).
During a survey of 6 months, DGGE was used to
molecularly monitor the bacterial and specifically the AOB
communities in the activated sludge of a pharmaceutical
plant. Two WWTP types present on the site and operating
on the same industrial wastewater were studied. We
investigated whether shifts in nitrification performance were
reflected in the total bacterial and/or the AOB communities
of both WWTPs. Furthermore, a comparison between DNA
and RNA based DGGE analysis was performed to examine
the most appropriate method for studying WWTP distur-
bances.
MATERIALS AND METHODS
Experimental setup and sampling
Approximately every 2 weeks during 148 consecutive days
from 9 July 2003 to 3 December 2003, sampling was carried
out in two different types of WWTPs treating the same
influent of a pharmaceutical production company in Bel-
gium. The first type (WWTP A) was a conventional WWTP
with a completely mixed aeration tank (where nitrification
occurs) (Limpiyakorn et al. 2004). The second type
(WWTP B) was identical to the first type, but with an
additional, preceding basin in which ammonification was
allowed to occur. Sampling took place from the beginning of
July 2003 when WWTP A was started up after a period of
nonfunctioning and WWTP B was started up with sludge
from WWTP A. At the sampling site, the sludge was
subjected to a paraformaldehyde fixation and frozen at
)20C to preserve the nucleotides of the microbial
community (Zarda et al. 1997). Upon arrival at the labor-
atory, all samples were subjected to DNA and RNA
extraction.
Nitrification parameter analysis
The nitrite, nitrate and ammonium content of the effluent
was analysed by ion chromatography after a 10-min
centrifugation at 5000 g and filtering through a 0Æ45 lm
filter. A DX-600 system (Dionex, Wommelgem, Belgium)
was used which consisted of a Dionex AS50 autosampler
(with an injection volume of 100 ll), a Dionex GP50 pump
and a Dionex ED50 electrochemical detector. Data analysis
was performed with the PeakNet 6 software system version
6.10 (Dionex, Wommelgem, Belgium). The Ionpac columns
AS9-HC (250 · 4 mm ID, 9-lm particle size; Dionex) and
CS12-HC (250 · 4 mm ID, 8 lm particle size; Dionex)
were used for anion and cation separation respectively. The
mobile phase consisted of Na2CO3 (9 mmol l
)1) and meth-
anesulfonic acid (20 mmol l)1) for anion and cation analysis
respectively. The flow rate was 1 ml min)1. Kjeldahl
nitrogen (NKjeldahl) was analysed by standard methods
(Greenberg et al. 1992) and the data were checked for the
absence of a correlation between the nitrogen load of the
system (NKjeldahl in influent) and the amount of NKjeldahl in
the effluent. This way, possible changes in the effluent
NKjeldahl could be due to failing ammonia oxidizers. The
organic nitrogen (Norganic) was calculated as the difference
between the NKjeldahl and the NH4
+–N.
Nucleic acid extraction and PCR amplification
Nucleic acids were extracted from the sludge samples by
using a protocol previously described (Boon et al. 2000). To
obtain pure DNA, a 100-ll aliquot of each of the extracted
nucleic acid samples was purified with Wizard PCR preps
(Promega, Madison, WI, USA) and the DNA concentration
was measured spectrophotometrically at 260 nm (UVIKON
932; Kontron Instruments, Milan, Italy). To obtain rRNA,
samples were treated as described previously (Boon et al.
2003). A reverse-transcriptase reaction was used to convert
all rRNA into cDNA (Boon et al. 2003).
To obtain DNA and cDNA amplicons for further analysis
of the total bacterial community by DGGE, a single round
PCR was performed with primers targeting all bacteria
(P388f and P518r) (Øvrea˚s et al. 1997). To study the AOB
community a nested PCR approach was used (Boon et al.
2002). The first round made use of the primers CTO189AB,
CTO189C and CTO653r to amplify specifically the AOB
(Kowalchuk et al. 1997). The second round was performed
with the total bacterial primers. All PCRs were performed
with a Biozym thermal cycler (Biozym; Hess., Oldendorf,
Germany). The PCR master mix contained the following
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components: 10X reaction buffer with 15 mmol l)1 MgCl2,
200 lmol l)1 of each deoxynucleoside triphosphate,
0Æ2 lmol l)1 of each primer, 2Æ5 U (100 ll))1 of Taq
DNA polymerase (Promega), 400 ng ll)1 of bovine serum
albumin (Hoffman-La Roche, Basel, Switzerland), and
DNase- and RNase-free filter-sterilized water (Sigma-Ald-
rich Chemie, Steinheim, Germany). In both the single
round PCR and the first PCR round of the nested approach,
1 ll of purified DNA was added to 24 ll of the PCR master
mixture. In the second round of the nested approach, 1 ll of
amplified product from the first round was added to 24 ll of
new PCR master mix. After each PCR, the size of the
amplicon was verified by running it next to a low range
DNA MassrulerTM (Fermentas, Burlington, ON, Canada)
on a 1% agarose gel.
DGGE analysis
A Bio-Rad DGeneTM system (Hercules, CA, USA) was used
to perform DGGE analysis as described previously (Boon
et al. 2002). In brief, PCR amplification samples were loaded
onto 8% (w/v) polyacrylamide gels in 1X TAE (20 mmol l)1
Tris, 10 mmol l)1 acetate, 0Æ5 mmol l)1 EDTA; pH 7Æ4).
The polyacrylamide gels were made with a denaturing
gradient ranging from 45% to 60% (100% denaturing
contains 7 mol l)1 urea and 40% formamide). Overnight
electrophoresis was performed for 16 h at 60C and 38 V and
subsequently the gels were soaked for 20 min in 200 ll 1X
TAE supplemented with 17 ll SYBR Green I nucleic acid
gel stain (dilution, 1 : 10 000; FMC BioProducts, Rockland,
ME, USA). Afterwards, images of the gels were taken with a
UV transillumination table combined with a video camera
module (Vilbert Lourmat, Marne-la Valle´, France).
Analysis of DGGE patterns
The obtained DGGE patterns were subsequently analysed
using Bionumerics software version 2.0 (Applied Maths,
Sint-Martens-Latem, Belgium). This software comprises
defining the different lanes, background subtraction, marker
assisted normalization, which includes compensating for
intensity differences between the lanes, and assigning the
different bands in each lane. A matrix of similarities for the
densiometric curves of the band patterns was calculated
based on the Pearson product-moment correlation coeffi-
cient and dendrograms were created by using UPGMA
linkage. Relevant and nonrelevant clusters were further
separated by the cluster cut-off method (Bionumerics
Manual 2.5; Applied Maths, Sint-Martens-Latern, Bel-
gium). The moving window analysis consisted of plotting
the evolution in time of the correlation values between two
consecutive analysing dates and is helpful when evaluating
bacterial community stabilities (Possemiers et al. 2004).
For sequence analysis purposes, the desired DGGE band
fragments were cut out and cloned with the pCR 2.1-
TOPO cloning kit (Invitrogen, Carlsbad, CA, USA)
according to the manual instructions. DNA sequencing
was carried out by IIT Biotech-Bioservice (Bielefeld,
Germany). DNA sequence analysis was performed using
the BLAST server of the National Centre for Biotechnology
Information (http://www.ncbi.nlm.nih.gov) with the
BLAST algorithm and specifically with the BLASTN
program. Sequences were deposited in the GenBank
database and were assigned NCBI accession numbers
AY968066–AY968072.
RESULTS
Evaluation of the nitrification efficiency
During a period of c. 5 months nitrification was monitored
in two pharmaceutical WWTPs treating the same influent.
Table 1 represents an overview of the nitrification param-
eters that were measured with periods of poor nitritation
performance indicated in grey. This was based on effluent
concentrations of ammonium–nitrogen >2 mg N l)1. Al-
most all the nitrogen in the influent is present as recalcitrant
nitrogen (Table 1), indicating the importance of the
ammonification process. WWTP A experienced a poor
nitritation around day 1 (because of the start-up of the
WWTP), around day 64, and from day 120 to 148. WWTP
B had poor nitritation from day 64 to 78, and from day 134
to 148. Overall, the most important nitrogen differences
between both WWTPs were noticed around day 78 and 120.
Total bacterial DGGE analysis
The results of the cluster analysis of the DNA based DGGE
gel revealed that each WWTP had a distinct bacterial
community. The separate clustering of the day 1 sample of
WWTP B was because of the start-up of it (Fig. 1).
Furthermore, for each WWTP type, smaller clusters –
although not separated by the statistical cluster cut-off
method – indicated smaller community shifts over time.
Over time, the bacterial community of WWTP A shifted
between day 8 and 15, day 28 and 43, and day 64 and 78. In
the case of WWTP B shifts occurred between day 28 and 43,
and day 64 and 78. For both WWTP types the shift around
day 64 was the most significant one (Fig. 1). This day 64
shift was also clearly noted in the moving window analysis
based on the DGGE profiles obtained after PCR amplifi-
cation with total bacterial primers (Fig. 4a). Curves for both
WWTP types followed a similar trend starting with a high
correlation coefficient that decreased towards a day 64 low
point after which both curves increased again. Furthermore,
it was noted that this final increase was higher for WWTP B
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than for WWTP A, which also fluctuated more in the period
before day 64. The low correlation coefficient for WWTP B
in the beginning of the curve was because of start-up
reasons.
Besides the DNA based DGGE, a rRNA based DGGE
was performed to compare the active total bacterial
communities in both WWTPs. Both rRNA based DGGE
patterns clustered in the same way as their respective DNA
based DGGEs did (data not shown).
DGGE analysis of the ammonia oxidizing bacteria
Similar to the analysis of the bacterial community, a DGGE
analysis was performed on the ammonia-oxidizing bacterialT
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Fig. 1 Cluster analysis of the denaturing gradient gel electrophoresis
pattern for the total bacterial community on DNA basis of wastewater
treatment plants (WWTP) A and B, sampled at different dates
(dX ¼ day X). Note the clear-cut separation of both WWTPs.
Relevant (black lines) and nonrelevant (grey lines) clusters were
separated by the cluster cut-off method
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community (AOB). A comparison was made between the
numerically most abundant AOBs (DNA) and the most
active AOBs (RNA) present in the samples.
For WWTP A, differences in presence and dominance of
the bands between DNA and RNA based DGGE patterns
were observed. In total more than 10 different bands were
visible, although a number of bands were quite weak. The 10
most dominant bands of the DGGE pattern (designated A
till J in Figs 2 and 3) were partially sequenced. Band C
revealed 97% similarity with Nitrosomonas europaea ATCC
19718 (BX321856), band E 100% similarity with the
Nitrosomonas eutropha isolate Nm57T (AJ298739), band F
96% similarity with Nitrosomonas oligotropha isolate Nm45T
(AJ298736), and band G 100% similarity with N. europaea
ATCC 19718 (BX321856). Although the clonation proce-
dure was repeated several times, no clones bearing the
correct sequence were obtained for bands A, B, D and H.
Both bands I and J gave 97% similarity with the DGGE
found uncultured beta-Proteobacterium band CJ2-b4-
WWout (AY583658) and 97% similarity with Aquaspirillum
serpens (AB074518). Therefore, they can be considered as a
result of CTO primer nonspecificity and were excluded
from further statistical analysis (both clustering and moving
window analysis) and from the discussion about the AOB
analysis.
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Fig. 2 Denaturing gradient gel electrophoresis pattern of the ammo-
nia oxidizing bacteria on basis of DNA analysis of wastewater treatment
plants A and B, sampled at different dates (dX ¼ day X). Relevant
(black lines) and nonrelevant (grey lines) clusters were separated by the
cluster cut-off method
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Fig. 3 Denaturing gradient gel electrophoresis pattern of the ammo-
nia oxidizing bacteria on basis of RNA analysis of wastewater treatment
plants (WWTP) A and B, sampled at different dates (dX ¼ day X).
Relevant (black lines) and nonrelevant (grey lines) clusters were
separated by the cluster cut-off method. Note the absence of the day 1
sample of WWTP B as this gave no amplification product
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The DNA based AOB DGGE pattern of WWTP A
hardly changed during the first 3 months. Only one AOB
ribotype (band E) dominated and one other AOB band was
clearly present (band G; as bands I and J were not AOBs).
The DNA based AOB DGGE analysis of WWTP B
depicted a different situation (Fig. 2). It revealed the
presence of three dominant AOBs (C, F and G) during
the first 2 months. With time, the number of different
AOBs increased. From day 78 on, the ammonia-oxidizing
community stayed more or less constant. Band C dominated
the AOB population. On the last two sampling dates (days
134 and 148) the community was more dynamic with the
number of different AOBs higher and the ribotype E
becoming more dominant than before. This resulted in the
domination by bands B, C and E (Fig. 2). Moving window
analysis based on the DNA-DGGE profiles for the AOBs,
showed that the ammonia-oxidizing bacterial communities
of both WWTPs had clearly different correlation coefficient
curves, but both reacted with a decrease towards day 64
(Fig. 4b). The WWTP A curve started with high and stable
correlation coefficients which became more fluctuating from
day 64 on. It was also noticed that the low point in this curve
was situated a month later compared with the low point of
the bacterial community curves (Fig. 4a). The WWTP B
curve had an opposite course; it fluctuated highly before day
64, had a very deep minimum on day 64 and turned into a
more stable and high curve afterwards (Fig. 4b).
The RNA based AOB DGGE gel of WWTP A yielded a
different pattern than the DNA-based AOB DGGE gel
(Fig. 3). As the DNA based analysis showed the dominance
of only one ribotype (band E), the RNA study demon-
strated that both band D and E represented equally active
ammonia-oxidizing ribotypes. Between day 106 and day
134, band D became temporarily less dominant, but band E
remained predominant until the end of the sampling
period. The RNA based AOB DGGE gel of WWTP B
demonstrated the codominance of band C and G at the
beginning of the sampling period. Band C remained
dominant the whole time and was even the only dominant
AOB ribotype between day 106 and 120. However, band
G, exchanged its dominance with band E towards the end
of the sampling period. Moving window analysis for the
RNA based DGGE profiles of the AOB communities of
both WWTPs showed different courses over time (Fig. 4c).
Except for the first 2 weeks and the decrease around day
64, the WWTP A curve stayed very high, suggesting a
stable community. The WWTP B curve fluctuated more
and revealed a variable (up to 40% change) RNA
community structure from day 64 on.
DISCUSSION
Nitrification parameters and the structure of the microbial
community of two WWTPs (A and B) treating the same
influent were monitored. Based on the residual NH4
+–N data
in Table 1 and except start-up values, nitritation experienced
only failures (upper limit: 2 mg NH4
+–N l)1 ) starting from
around day 64. These changing nitritation parameters were
also reflected in community shifts of the AOBs as demon-
strated by the statistical processing of the AOB DGGE
fingerprints (Figs 2–4). The shifts were both detected by
cluster analysis and moving window analysis based on the
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Fig. 4 Moving window correlation on the DNA level of the total
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patterns as represented in Figs 1–3
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DGGE patterns. Moreover, molecular analysis tools have the
benefit to identify the most important microbial species
involved in the failure of the nitritation. This changing in
nitritation performance was related to the production of
imidazoles by the pharmaceutical company from day 64 on,
and thus the confrontation of the microbial populations of
the WWTPs with chemicals used in this production process,
which are present in the influent. Imidazole production
related products and used chlorinated and nonchlorinated
solvents are well-known alternative substrates for ammonia
and this way inhibit the growth of ammonia oxidizing
bacteria (Rasche et al. 1990; Keener and Arp 1994; McCarty
1999). They influence ammonium monooxygenase (AMO)
activity by three distinct mechanisms: (i) direct binding and
interaction with AMO, (ii) interference with the supply of
reductant needed for monooxygenase activity, and (iii) the
oxidation of substrates to give products that are highly
reactive and inactivate AMO and/or other enzymes (Keener
and Arp 1993; McCarty 1999).
To follow up possible failures of the nitritation process,
the residual NH4
+–N in the effluent of the WWTPs was
monitored. The data were checked for the absence of a
correlation between the nitrogen load of the system
(NKjeldahl in influent) and the amount of NKjeldahl in the
effluent. This way, possible changes in the effluent NKjeldahl
(and more in specific high amounts of residual NH4
+–N)
may be because of failing ammonia oxidizers. The measuring
of the amounts of organic nitrogen in the influent and
effluent as an indication of a well performing ammonification
were included, as this is a preceding step towards the
nitritation (Kowalchuk and Stephen 2001) and the influent
contained high organic nitrogen levels (c. 77–100% of Ntotal;
Table 1). This was of particular interest for this research, in
view of the presence of a preceding ammonification step in
WWTP B, but not in WWTP A. This preceding basin of
WWTP B was incorporated to optimize the conversion of
the high amounts of organic nitrogen to ammonia, which is
readily accessible for the AOBs. In WWTP A this conver-
sion to ammonia had to take place in the mixed aeration tank
itself, causing a delay in the ammonia supply to the AOBs.
In the last decade there has been much interest in rRNA
analysis (Amann et al. 1995) as a correlation was found
between the growth rate of a bacterium and the cellular
rRNA concentration (Poulsen et al. 1993). The data in this
study support the hypothesis that rRNA analysis relates not
only to the presence but also to the activity of bacteria. The
DGGE AOB analysis of WWTP A showed that 16S rRNA
based analysis can indeed reveal a different pattern of the
microbial community structure than DNA-based analysis
(Fig. 3 vs Fig. 2). The fact that band D is only weakly
present at the DNA level (Fig. 2), but strongly present at
the RNA level (Fig. 3) suggests that these bacteria are active
and thus play a functionally more important role than
expected from the DNA based DGGE. The results obtained
for the total bacteria suggested that the differences between
DNA and RNA-based analysis are less revealing. Hence, it
appears that a 16S rRNA-based analysis is valuable for
evaluating the relative activity of the bacteria studied,
particularly when focussing on subgroups of the entire
bacterial community. Another strategy for evaluating the
activity of the AOB community could have been based on
the use of primers targeting the functional gene involved in
the nitritation; the amoA gene (Rotthauwe et al. 1995).
However, a previous ecology study compared the amoA
approach to the more traditional 16S rRNA approach and
showed a similar (though not completely identical) evolu-
tionary relationship of AOBs based on these two methods
(Purkhold et al. 2000). A recent study demonstrated even a
more superior resolution of 16S rRNA vs amoA analysis,
partly because the amoA region is highly conserved (Purk-
hold et al. 2003). It is also reported that amoA-based assays
may miss more AOB populations than the 16S rRNA-based
assays (Layton et al. 2005). Moreover, the resolution of the
phylogeny based on 16S rDNA sequences within the
Nitrosomonas genus is reported to be relatively good (Aakra
et al. 2001). Hence, because all AOBs found in this study are
nitrosomonads, the amoA approach would not have contri-
buted more information to our results than was obtained
with the use of the 16S rRNA CTO primers.
Moving window analysis is a useful technique to follow up
the stability or the rate of change in time of microbial
communities (Possemiers et al. 2004). Figure 4(a,b) dem-
onstrated that although the bacterial communities of both
WWTPs studied follow almost the same course, this is not
the case for the AOB subgroup. At the AOB level, it was also
noticed that WWTP B showed more instability throughout
the complete monitoring period than WWTP A. Moreover,
a restabilization (after the disturbance at day 64) of the total
bacterial community was reached by the end of the
measuring period (Fig. 4a), although stabilization was not
reached for the AOB subgroup that kept on fluctuating
(Fig. 4b). Shifts have been reported to be related to a change
in functional performance of bacterial communities. Boon
et al. (2003) showed that a temporarily malfunctioning of
the nitrification process can result in the consecutive
upcoming and disappearance of certain species. Because
changes in RNA are known to be more rapid and to precede
changes in DNA by a few days, a direct comparison between
the DNA and RNA analyses could only have been made if
the RNA was sampled more frequently (Boon et al. 2003;
Vervaeren et al. 2005). Both the cluster and moving window
analysis clearly showed the usefulness of investigating
bacterial subgroups and might indicate that the AOBs could
be a helpful indicator subgroup for studying WWTP
perturbations. Further studying along this way could lead
to a precise image of which AOBs are more resistant to
AOB FAILURE IN PHARMA WWTPS 1003
ª 2005 The Society for Applied Microbiology, Journal of Applied Microbiology, 99, 997–1006, doi:10.1111/j.1365-2672.2005.02731.x
environmental disturbances. This could eventually permit
fine-tuning operational WWTP parameters to benefit the
presence, survival and growth of these AOB species.
As previously reported, it is important to verify for
nonspecificity when using CTO primers (Purkhold et al.
2000; Ce´bron et al. 2004). For this purpose and simulta-
neously to identify the key ammonia-oxidizing bacteria in
the two WWTPs, sequence analysis of the most dominant
DGGE bands was performed. It appeared that bands I and J
were more closely related to A. serpens, a common species in
WWTPs (Kawai et al. 2004), than to nonspecific bands
already found before when using CTO primers (Ce´bron
et al. 2004). The other bands showed high similarity with
Nitrosomonas spp. The fact that in the two WWTPs only
Nitrosomonas spp. were found – although CTO primers also
amplify other AOBs such as Nitrosococcus spp. and Nitros-
ospira (Purkhold et al. 2003) – corresponds with a previous
study that only detected nitrosomonads in all but two of the
11 WWTPs analysed (Purkhold et al. 2000) and with a
recent study (Layton et al. 2005). However, this is not a
general finding as Nitrosococcus mobilis-like bacteria have also
been reported as the dominant AOB species in activated
sludge (Juretschko et al. 1998; Koops and Pommerening-
Roser 2001).
In this study, it was shown that two wastewater
treatment plants treating the same influent had clearly
distinctive communities, in terms of total and ammonia-
oxidizing bacteria. When studying these bacterial commu-
nities, it was demonstrated that certain species, which did
not seem to be numerically very abundant, may be very
active according to the RNA signal. Hence, when studying
the activity and performance of a WWTP, a rRNA
evaluation is advisable, especially when focussing on
bacterial subgroups (in this case the AOBs). This research
therefore demonstrates the usefulness of monitoring the
performance of the nitritation process by a combination of
the study of both nitritational parameters and molecular
fingerprinting of the AOB community. Moreover, cluster-
ing and – especially – moving window analysis are shown
to be valuable tools for monitoring community shifts in
WWTPs.
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